This paper contributes to the literature on subjective well-being (SWB) by taking into account different aspects of life, called domains, such as health, financial situation, job, leisure, housing, and environment. We postulate a two-layer model where individual total SWB depends on the different subjective domain satisfactions. A distinction is made between long-term and short-term effects. The individual domain satisfactions depend on objectively measurable variables, such as income. The model is estimated using a large German panel data set.
Introduction
The recent issue of this journal, devoted to the theme of 'Subjective well-being and economic analysis', may be seen as a significant step towards the lifting of the virtual ban on measuring utility that has dominated economics since Robbins (1932) . To be honest, it should be noted that various prominent economists, such as Frisch (1932) and Tinbergen (1991) always refused to take such a stand. Van Praag (1968) , Easterlin (2001) , and Holländer (2001) a.o. make a strong case that this anathema has actually caused a stagnation in the development of economic analysis.
In the last decade, but prior to the work published in JEBO, scattered economists have started to study subjective well-being (SWB) 1 as a serious subject. See, for example, Clark Individual satisfaction depends not only on the individual's objective situation but also on his or her personality, which is assumed to be time-invariant. These personality traits are unobservable but they co-determine both GS and the DS. Additionally, there may be other common unobservable variables, such as health of the children. To account for this, the model includes a latent component Z in the satisfaction equations.
GS is described by a function GS = GS(DS 1 , . . . , DS J ; Z)
and the domain satisfactions by a set of functions DS j = DS j (x j , Z), j = 1, 2, . . . , J
where x j stands for the sub-selection of x variables for the domain j. The variable Z is, by definition, unobservable. Thus, if no special treatment is given, Z becomes part of the error terms of the DS and GS equations. This would imply that the explanatory variables DS in Eq.
(1) are correlated among themselves and with the GS error term, which would cause an endogeneity bias. In order to avoid that, we have to construct an instrumental variable for Z, which is included in Eq. (1). Appendix A describes the way in which this done.
The estimation procedure
First, we distinguish for some of the explanatory variables x j in Eq. (2) and DS j in Eq.
(1) a permanent and a transitory effect. This is realized by including both, their annual value and their mean over the 6 years considered. For instance, income at time t, y t , is included in the financial satisfaction equation as βy t + γȳ. This can be rewritten as β(y t −ȳ) + (γ + β)ȳ, whereȳ stands for the average over time. Then β is the transitory income effect and (γ +β) is the permanent income (Friedman, 1957) . Notice that per individual and hence for the whole sample the two terms are uncorrelated. The deviations from the averages per individual identify the within-effect, while the means provide the differences between individuals. Similarly, the coefficients of the means represent level effects, while the coefficients of the differences represent shock effects. Obviously, this decomposition makes only sense for those variables where a differentiation between individuals can be assumed, and where there is considerable year to year deviation from the individual means. 3 Including those within and between effects gives some simple dynamics to the model, because the mean value changes gradually when years pass by.
The second way in which we make use of the panel structure of the data is by allowing for individual random effects. The error terms of the DS and the GS equations are decomposed into two independent terms
where n stands for the individual. The term v jn represents the individual random effect, i.e. the unobservable individual characteristics and the term η jnt is the pure error term. In a panel regression context this error structure is standard. As usual, we assume E(ε) = E(v) = E(η) = 0. The model assumes that E(η, x) = 0, namely that the individual random effect is not correlated with the explanatory variables 3 . Additionally, we also include a fixed time effect as a year dummy. The time dummies incorporate several effects, including inflation, changes in external circumstances on individual satisfaction, and any trend effects in satisfaction. Finally, there is a third aspect of the estimation that needs to be discussed. The DS variables, which are used as explanatory variables of Eq. (1), are latent discrete variables. The DS are assigned numerical values using Terza's (1987) method. The details are discussed in Appendix A. The transformed DS are thus transformed into values on the real axis. The estimation of Eq. (2) has been done by GLS. The variances σ 2 (ν) and σ 2 (ε) are estimated for each domain. The GS equation is estimated by ordered probit. As usual in ordered probit analysis, a normalization is needed. Here, the variance of σ 2 (ε) is standardized at 1, and σ 2 (ν) is estimated. The GS estimation is done using the package LIMDEP 7.0.
Consideration of the data
The empirical analysis is based on the German Socio-Economic Panel (GSOEP), 4 a longitudinal household panel that started in the Federal Republic of Germany (West Germany) in 1984. After the reunion, (former) East German households were included in the GSOEP from 1990 onwards. The paper draws from the period 1992 to 1997. The GSOEP includes more than 14,000 individuals in the Western sample and about 6000 in the Eastern sample. As the citizens from East Germany and West Germany are different on many aspects, we analyze them as two different sub-samples. The same holds for working and non-working respondents. The non-working sample includes inactive individuals as well as unemployed. About 30 percent of Western non-workers are 65 years old or older and 65 percent are females. For the Eastern non-workers, these percentages are 26 and 62 percent, respectively. The respondents are all the adults older than 16 years or older living in the household. When people move from East to West or from working to non-working, they are considered as different persons. Given that the transition frequencies are small, the impact of this simplifying assumption cannot be large (Hunt, 1999 (Hunt, , 2000 . The attrition rate of the panel as well as the causes of this attrition are discussed in Pannenberg (1997) . The GSOEP includes a fairly large number of subjective satisfaction questions. The GS question runs as follows "Please answer by using the following scale in which 0 means totally unhappy, and 10 means totally happy. How happy are you at present with your life as a whole?"
Psychologists have used this sort of subjective questions for over three decades, starting with Cantril (1965), Likert (1932) scale, and the visual analog scale (VAS). Satisfaction questions have been asked in various forms since 1965 to over a million of respondents in thousands of questionnaires all over the world (see Bradburn, 1969; Veenhoven, 1997) . Additionally, the respondents of the GSOEP are asked for their satisfaction with respect to various domains (DS). Table 1 presents some summary statistics for all satisfaction questions. The answers are scaled on a 0-10 scale as in the original questions. Additionally, information on household income is added.
We notice that the average GS for Western workers is 7.21 and for Eastern workers 6.46, a difference of about 0.75. Western non-workers score 6.95 on average and Eastern non-workers 6.12. The pattern is overall fairly consistent. Workers score higher than non-workers except for housing and leisure satisfaction, and environment for Easterners. A second interesting point is that Westerners score higher than Easterners on almost every domain except for non-workers' environment satisfaction. From this summary table, we cannot infer which factors determine satisfaction. For that, we look at the econometric analysis below.
The description of the other variables used in the analysis is presented in Appendix B. In order to use these questions to elicit individual preferences, two fundamental assumptions have to be made. First, that responses of different persons are interpersonally comparable at an ordinal level. In other words, that individuals answering similarly to such satisfac-tion questions are enjoying a similar level of satisfaction. The model here does not assume any kind of cardinality, which would imply that a step from, e.g. 6-7 would be equal to the well-being or utility difference from, e.g. 7-8 (see Suppes and Winet, 1954) . Several findings encourage the assumption of ordinal interpersonal comparability within a given language community. The first is that individuals are able to recognize and predict the satisfaction level of others. In interviews in which respondents are shown pictures or videos of other individuals, respondents were quite accurate in identifying whether the individual shown to them was happy, sad, jealous, etc. (see, e.g. Diener and Lucas, 1999) . This also holds when individuals are asked to predict the evaluations of individuals from other cultural communities. Hence, although it is very probable that what makes individuals happy or sad differs greatly amongst different cultures, it does seem as if there is a common human 'language' of satisfaction and that satisfaction is roughly observable. The second finding is that individuals in a language community have a common understanding of how to translate internal feelings into a number scale. Virtually no respondent expects a very sad individual who is contemplating suicide to evaluate life satisfaction by anything higher than a 5 on a (0-10) scale. Also, respondents translate verbal labels, such as 'very good' and 'very bad', into roughly the same numerical values (see Van Praag, 1991) . The third and last finding is the fairly stable relationship found between satisfaction and objectively measurable variables (see, e.g. Diener and Lucas, 1999) .
The second assumption is that there is a correspondence between what one can measure, i.e. GS, and the metaphysical concept we are actually interested in. Obviously, satisfaction and well-being is not a physical phenomenon that can be easily and objectively measured. Nevertheless, it is well known that there is a strong positive correlation between emotional expressions, like smiling, frowning, brain activity, and the answers to the satisfaction questions (see Shizgal, 1999; Fernandez-Dols and Ruiz-Belda, 1995; Sandvik et al., 1993) . Satisfaction levels are also predictive in the sense that individuals will not choose to continue activities which yield low satisfaction levels (see Kahneman et al., 1993; Clark and Oswald, 1998; Frijters, 2000) .
Estimation results
This section presents the estimation results of the six DS equations and of the GS equation. The specifications are chosen with a view on the literature and the availability of variables in the data set. Then, the results are evaluated with respect to intuitive and theoretical plausibility and statistical significance. 5
Job satisfaction
The job satisfaction equation has also been estimated, for example, by Clark (1997) , Clark and Oswald (1994) , and Groot and Maassen van den Brink (1999) using the British Household Panel Survey (BHPS). Neither of them allows for individual effects in an ordered probit setting. Notice that for individuals who do not have a job, information on job satisfaction is evidently absent.
Job satisfaction is assumed to depend on age. Since a monotonic relationship looks improbable, we introduce a quadratic relationship in ln(age). We find strong age effects, where satisfaction follows a U-curve. The minimum is reached at the age of 53 for the West and 48 for the East, after which age job satisfaction starts raising with age. Males are less satisfied than females with their job. For West Germans, the number of adults in the household has a negative significant impact of job satisfaction.
The role of income with respect to job satisfaction is ambiguous. We have to distinguish between the income earned in the job by the respondent, i.e. working income, and the household income. Working income is certainly a dimension of the job: it expresses, to a large extent, how the worker is evaluated by the employer. Moreover, given the amount of working hours and the job requirements, the larger the working income, the higher job satisfaction. On the other hand, household income, here included as the ratio of household income over the respondent's working income, also influences job satisfaction. A larger household income gives each working member of the household more margin to be selective on his or her type of employment and it is also easier to leave an unsatisfactory job, if there is additional income in the household. Table 2 shows that the coefficient of ln(working income) is 0.05 in the West and 0.153 in the East. Hence, changes in working income have a stronger effect on job satisfaction in the East than in the West. For mean ln(work income), the coefficients are 0.005 and 0.033, respectively. The level effects of work income are 0.055 and 0.186 in the West and East, respectively. The level coefficient for 'household income/working income is 0.238 (i.e. 0.171 + 0.067) for Western workers, while the shock effect is 0.067. For the East, figures are similar. Working hours have a negative non-significant influence on Western job satisfaction but are positively evaluated by Easterners.
Financial satisfaction
The results for the financial satisfaction question are shown in Table 3 . The curvilinear age effects are strongly prominent. Western workers reach minimum satisfaction at the age of 45 and East workers at 54. For non-workers, this is at 38 for Westerners and 39 for Easterners. The quadratic effect may have to do with wage-age profiles and career patterns differences. It may also be caused by moving expectations.
The household income level effect is 0.382 (=0.120 + 0.262) for Western workers and 0.413 for Western non-workers. For Eastern workers it is 0.362 and for Eastern non-workers 0.467. The income effect is also affected by the number of children. The interaction term with children has a slight additional positive effect for Westerners. Education has a positive impact on financial satisfaction for Westerners but the impact is zero or negative for Easterners. This difference probably reflects the different labor markets characteristics and cultures between the two regions. As expected, the number of adults and of children living in the household have a mostly significantly negative effect on financial satisfaction, except for the number of children that is non-significant for Eastern workers. The presence of a partner in the household has a positive effect, and male respondents are less content than female respondents. Having savings has a positive effect on financial satisfaction, as expected. GLS with individual random effect and fixed time effects. a This is the age at which the minimum of the quadratic form in ln(age) is reached.
Housing satisfaction
Housing satisfaction has also been studied by, e.g. Varady and Carozza (2000) . The age effect is U-shaped, reaching a minimum at about 29. The mean of the household income and the monthly housing costs have a strong positive effect on housing satisfaction. Higher housing costs or income probably imply a nicer and better-situated house. The number of children and adults has the expected negative effects, implying that housing satisfaction falls with an increasing number of lodgers. The education effect is negative in both East and West, although not significantly so for the West. We conclude that higher educated people are more critical on their housing conditions or have higher expectations that can GLS with individual random effect and fixed time effects. a This is the age at which the minimum of the quadratic form in ln(age) is reached.
not be met. Finally, the dummy variable 'reforms', which equals one if the house has been renovated in the last year, has a positive sign as may be expected (Table 4) .
Health satisfaction
Nowadays, health satisfaction is studied by many health economists as a tool to evaluate health gains and losses from illnesses and medical treatments (see, e.g. Cutler and Richardson, 1997) . The results of the estimation are shown in Table 5 . Health satisfaction falls monotonously with ln(age). Health satisfaction increases with income, although the shock effect is not significant for any of the sub-samples and the level effect is significant only for Westerners. Hence, incidental income changes will have less impact on health than permanent changes. Individuals with higher education are significantly more satisfied with their health. This may indicate that higher educated individuals have a healthier life style. Working males are more satisfied with their health than females, while for non-working individuals the difference is insignificant.
Leisure satisfaction
We distinguish in the GSOEP data set between three kinds of time use, i.e. working time, household work, and leisure. Not unexpectedly, the number of working hours has a strong negative effect on leisure satisfaction, while the number of hours spent on leisure has a small positive effect (Table 6 ).
The age effect is again U-shaped with a minimum at about 35 for workers and 31 for non-workers. Household income is not a strong factor for leisure satisfaction, but the level effects are always positive. More education leads to less satisfaction with leisure. It seems that there is a tendency for people to enjoy their leisure time most when they live alone. Both, the presence of adults and that of children have a negative effect on leisure satisfaction, and living together has also a negative effect, although only significant for Eastern non-workers. Males enjoy their leisure more than females.
Environment satisfaction
Finally, we look at the environment satisfaction, that is, the satisfaction with the surroundings where the individual lives. Again, the age effect follows a U-shape with a minimum at the late twenties for all sub-samples except for Eastern workers for whom the minimum satisfaction is found at the age of 46 years. Workers and Western non-workers with more income are more satisfied with their environment; the income effect is non-significant for East non-workers. More education has a negative effect, but this is only significant for Easterners (Table 7) .
General satisfaction
The estimation results for the GS equation are presented in Table 8 . This table gives a picture of the complex phenomenon behind human well-being. Table 8 shows that GS is GLS with individual random effect and fixed time effects. a This is the age at which the minimum of the quadratic form in ln(age) is reached. GLS with individual random effect and fixed time effects. a This is the age at which the minimum of the quadratic form in ln(age) is reached. GLS with individual random effect and fixed time effects. a This is the age at which the minimum of the quadratic form in ln(age) is reached. GLS with individual random effect and fixed time effects. a This is the age at which the minimum of the quadratic form in ln(age) is reached. Ordered probit with individual random effect and fixed time effects. indeed an amalgam of various domain satisfactions. Almost all DS coefficients are strongly significant. In Table 9 , the level effects of the DS are tabulated. We see that the level effects for the four German sub-samples are showing nearly the same ranking and are mostly of the same order of magnitude. The three main determinants are in this order: finance, health, and job satisfaction. Leisure comes next in importance for individual well-being. Housing and environment seem to be less important. This is specially true for the environment satisfaction of Westerners. It may be that there are other determinants of well-being, such as marriage satisfaction and health of children, but information on those aspects is not available in the GSOEP data set.
The shock effects of the domain satisfactions are given by the second block in Table 8 . It appears that the shock effect of health is larger than that of finance and job, except for Eastern workers. In any case, it is still true that financial, job, and health satisfaction are the most important domain determinants for individual GS. In the short-term, health is the most important consideration, whereas over the long run finances become paramount.
In three of the four sub-samples, the latent variable Z has a significant negative coefficient. Additionally, there is a quite remarkable unobservable individual random effect, which accounts for between 25 and 30 percent of the total variance. In order to test the specification, we estimated the same GS equation but excluding the Z variable. The results, available upon request, show that all domain effects are much more positive but preserve the same order and approximately the same trade-off ratios. If it is added as an explanatory variable the domain effects will be reduced, because the common component effect is estimated in its own right.
Conclusions
In this paper, we have made an attempt to measure the individual's domain and overall satisfactions and the way in which they are connected. We have postulated a simultaneous equation model, where GS is explained by the values of the satisfactions with respect to six distinct domains of life. We showed that it is possible to estimate a model for subjective satisfactions in the spirit of traditional econometric modeling, even though the qualitative variables are not measurable in the usual sense.
The main conclusions of this paper are:
1. Given the fact that we get stable significant and intuitively interpretable results, the conclusion seems justified that the assumption of interpersonal ordinal comparability of satisfactions cannot be rejected. 2. It is possible to explain domain satisfactions to a large extent by objectively measurable variables. Domain satisfactions are strongly interrelated because of common explanatory variables. 3. GS may be seen as an aggregate of the six domain satisfactions.
Obviously, this study is a first step that has to be validated on other data. Moreover, it is easy to think of a number of refinements. Nevertheless, we believe that there is ample evidence that the answers to subjective questions can be used as proxies for measuring individual satisfaction, happiness, or well-being. The consequence is that self-reported satisfaction is a useful new instrument for the evaluation and design of socio-economic policy. Moreover, the results help us to understand the composite construction of individual well-being and preferences.
Another application of this model is to assess trade-off ratios between, e.g. leisure, environment or health, and income. Such ratios have been calculated by, for instance, Di Tella et al. (2001 ), Ferrer-i-Carbonell and Van Praag (2002 ), and Van Praag and Baarsma (2000 . This is left for future research. It will be clear that this model is a major potential playground for future research for economists, psychologists, and political scientists.
where the ϕ j ( ) are monotonically increasing functions. Let us assume that GS is explained by a latent variable model y = γ 1 DS 1 + · · · + γ 6 DS 6 then the alternative model
can also be used, although the functional specification is quite different in terms of the second translation. It can also be shown that the trade-offs between the basic X variables remain the same, irrespective of whether they are calculated from the first model or from the second model. We notice that the translation function ϕ( ) is and should be the same for all individuals, if we assume that the original answers have equal meaning for different respondents. Hence, the specific choice of assigning numerical values to DS is a matter of expediency. If we want to use DS as an explanatory variable in a regression or a probit model, we would prefer an explanatory variable, which can vary over the whole real-axis. We use the device proposed by Terza (1987) . In the satisfaction questions described in Section 3, the categories are numbered 0-10. We assign a DS value to each category by settingDS i = E(DS |µ i−1 < DS ≤ µ i ) (i = 1, . . . , 11), where the values µ i are the normal quantile values of the sample fractions of the 11 response categories. The second problem is the possible correlation of the error term of GS with the error terms of the DS via a common term Z. This would lead to an endogeneity bias in the estimation of Eq. (1). Here, we explain how we instrument Z. After estimating the six DS Eq. (2), we calculated its residuals in order to estimate the part Z that is common to all the residuals. This is defined as the first principal component of the (6 × 6) error covariance matrix. It carries about 50 percent of the total variance. By adding this Z as an additional explanatory variable to the GS equation, we may assume that the remaining GS error is no longer correlated with the DS errors and that the estimators of the coefficients in (3) do not suffer from endogeneity bias. The addition of Z in this estimation procedure may be compared to the Heckman-correction term (Heckman, 1976) . Because the introduction of the Z eliminates the covariance between the GS error and the DS errors, we may deal with the recursive system under the assumption that the error covariance matrix is block-diagonal (see, e.g. Greene, 2000, p. 675) .
Appendix B. Variables description
In Appendix B, the variables used for the regressions that may need clarification are described.
• Household income: Net monthly household income in German Marks (equal to all the respondents of the same household).
• Years of education: For the west, this variable is computed according to the GSOEP documentation. For the East, we have applied similar conversion rules.
• Children + 1: The number of children (+1) younger than 16 in the household.
• Adults: The number of adults that live in the household.
• Living together: Dummy variable, where 1 stands for being married or having a partner living in the household.
• Second earner in house: Dummy variable that takes value 1, if there is more than one earner in the household.
• Working income: Is the sum of gross wages, gross self-employment income, and gross income from second job.
• Working hours: Weekly average.
• Extra money: Is the sum of the extra working income, such as 13th or 14th month, Christmas bonus, holiday benefit, or profit-sharing.
• Extra hours: Extra working hours, i.e. overworked hours.
• Savings: Amount of money left over each month for major purchases, emergencies, or savings.
• Monthly housing costs: Indicates housing costs and includes: rent per month, interest and amortization per month, other costs per month, housing costs per month, maintenance costs previous year ( * 1/12), and heat and hot water costs previous year ( * 1/12).
• Reforms: Dummy variable that takes value 1, if the respondents or their landlord have made any modernization at their house the last year.
• Leisure time: Hours spend on hobbies and other free time in a typical week (weekday and Sundays).
